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(54) Optical device 

(57) Light input from a first optical fiber (101) is split 
up into two orthogonally-polarized beams by a polariz- 
ing prism (106-1). Their polarization planes are rotated 
by a 45 degree Faraday rotator (107-1). The beams are 
refracted by a birefringent wedge (108-1) as extraordi- 
nary light, and finally output to a fourth optical fiber 
(104). The light output from the fourth optical fiber (104) 
is refracted by a birefringent wedge (108-2) as ordinary 
light, and enters a second optical fiber (102). Similarly, 



the light from the second optical fiber (102) is led to a 
third optical fiber (103), thereby implementing a capabil- 
ity of an optical circulator. Light output from the first opti- 
cal f foer ( 1 0 1 ) can be input to the third optical fiber (1 03) 
by inverting a rotation angle of the 45-degree Faraday 
rotator. As a result, it serves as a magneto-optical 
switch. 
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Description . _ 

Background of the Inv ntion 
Reld of the Invention 

* The present invention relates to an optical device, 
and more particularly to an optical device implemented 
as an optica) circulator and a magneto-optical switch. 

Description of the Related Art 

As interest in optical communication increases, the 
demand for an optical device of high performance, low 
price, and small size has become greater in recent 
years, in order to implement optical communications. 

• Figs. 1 A and 1 B are schematic diagrams showing a 
conventional optical circulator or magneto-optical 
switch. 

The optical circulator or the magneto-optical switch 
having a configuration similar to that of the optical circu- 
lator is implemented by using the non-reciprocal char- 
acteristics and inversion of magnetisation of a 45- 
degree Faraday rotator. Basically, it is configured as 
shown in Fig. 1 A. 

The optical device shown in Fig.1 A comprises fib- 
ers 1006-1 through 1006-4 for inputting/outputting light, 
lenses 1005-1 through 1005-4 for collimating or focus- 
ing light, prisms 1001 and 1004 for splitting/combining 
light depending on a polarization state, a half-wave 
plate 1002 and a 45-degree Faraday rotator 1003. both 
of which are arranged between the prisms 1001 and 
1004. 

The prisms 1001 and 1004 split input light into two 
orthogonally-polarized components, and output the par- 
allel beams along respective optical paths. A multilayer 
interference film is normally used as a means for split- 
ting polarized light. The two prisms 1001 and 1004 are 
arranged facing each other, and the half-wave plate 
1002 for reciprocally rotating a polarization plane by 45 
degrees and the 45-degree Faraday rotator 1003 are 
inserted in between them, rf the light proceeds from the 
fiber 1006-1 to the right in Fig.lA, the rotation angles of 
the polarization planes of the polarized components 
split by the prism 1001 are rotated in the same direction 
by 45 degrees by both the half -wave plate 1 002 and 45- 
degree Faraday rotator 1003, so that the total rotation 
angles are 45 degrees plus 45 degrees which equals 90 
degrees. On the contrary, if the light proceeds from the 
optical fiber 1006-4 to the left, the polarization planes 
are rotated by 45 degrees by the 45-degree Faraday 
rotator 1003, and counter-rotated by 45 degrees by the 
half -wave plate 1002. so that the rotation angles are 45 
degrees minus 45 degrees which equals 0. Accordingly, 
light from the fiber 1006-1 proceeds to the fiber 1006-4; 
light from the fiber 1006-4 proceeds to the fiber 1006-2; 
light from the fiber 1006-2 proceeds to the fiber 1006-3; 
and light from the fiber 1006-3 proceeds to the fiber 



1006-1. In this way, the capability of the optical circula- 
tor can be implemented. 

In the meantime, if the electromagnet of the 45- 
degree Faraday rotator is supplied with an electronic 

5 current thereby inverting its magnetization, th Faraday 
rotation angle is inverted. As a result, the light proc ed- 
ing from the fiber 1006-4 to the fiber 1006-2, will pro- 
ceed to the fiber 1006-1, thereby implementing the 
capability of the magneto-optical switch. 

10 In this configuration, however, cross talk may occur 
due to the elliptical polarization caused by the 45- 
degree Faraday rotator/ incompleteness of the splitting 
of the polarized light by the prism, etc. Normally, the 
amount of cross talk is approximately -25 to -30dB. 

is To solve this problem, the optical circulator shown 
in Fig. 1 B was proposed. 

In the configuration shown in Fig.lB, fbers 1010-1 
through 1010-4 for inputting and outputting light are 
arranged, and lenses 1011-1 through 1011-4 collimate 

20 or focus the light. Birefringent crystals 1013 and 1014 
are arranged so that they face the lenses 1011*1 
through 101 1-4. In addition, another birefringent crystal 
1012 is arranged between the birefringent crystals 1013 
and 1014. Half-wave plates 1016-1 through 1016-4 

25 which are arranged in the respective optical paths, and 
45-degree Faraday rotators 1015-1 and 1015-2 are 
inserted between the birefringent crystals 1012 and 
1013, 1012 and 1014 respectively. 

In Fig.lB, light input from optical fiber 1010-1 or 

30 101 0-2 is split by the birefringent crystal 1013 according 
to the polarization, and two polarized beams whose 
polarization planes are orthogonal are polarization- 
rotated by the respective half- wave plates 1016-1 and 
1 01 6-2, so that they will be in the same orientation. After 

35 their polarization planes are rotated by the 45-degree 
Faraday rotator 1015-1, the beams are each refracted in 
particular directions by the birefringent crystal 1012, 
and these two polarized beams are again polarization- 
rotated by the respective half-wave plates 1016-3 and 

40 1016-4, so that they become orthogonal. Then, after 
their polarization planes are rotated by the 45-degree 
Faraday rotator 1015-2. they are re-combined into a sin- 
gle beam by the birefringent crystal 1014, and output. 
Since the polarization direction of light in the central 

45 birefringent crystal 1012 differs by 90 degrees in the 
reverse direction, the light deviates from the optical path 
in the forward direction and becomes a different beam 
of light to be output. In this configuration, two non-recip- 
rocal portions are included. Assuming that the cross talk 

so caused by one of the non-reciprocal portions is one 
hundredth, the cross talk caused by passing through the 
two non-reciprocal portions will be one ten-thousandth. 
That is, the cross talk can be reduced significantly. 
As described above, cross talk occurs due to the 

55 elliptical polarization caused by the 45-degree Faraday 
rotator and the incompleteness of the splitting of the 
polarized light by a prism, as in the configuration shown 
in Fig.lA Therefore, the amount of cross talk in Rg.1B 
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is doubled to approximately - 50 to -60dB, and this 
amount of cross talk exceeds that of an altowabi range 
for practical us . 

However, although the problem of cross talk is 
solved in the configuration shown in Fig. 1 B, the number s 
of components and their total size become large. As a 
result, the optical device itself becomes expersive. 

Summary of the Invention 

10 

. The object of the present invention is to provide an 
optical device such as an optical circulator or a mag- 
neto-optical switch, connected to an optical fiber, which 
is easy to configure at low cost with the number of com- 
ponents, size, and amount of cross talk reduced. is 

The optical device according to the present inven- 
tion comprises two polarizing prisms fa splitting inci- 
dent light into two linearly-polarized beams whose 
polarization planes are orthogonal, outputting the 
resultant beams along first and second optical paths 20 
parallel to each other, combining and outputting the 
input linearly-polarized beams as output light; two 45- 
degree Faraday rotators arranged between the polariz- 
ing prisms; and a deflecting unit, which is arranged 
between the two 45-degree Faraday rotators, for provid- 25 
ing linearly-polarized beams in the first and second opti- 
cal paths with a first deflection angle, and providing 
linearly-polarized beams orthogonal to the linearly- 
polarized beams in the first and second optical paths 
with a second deflection angle different from the first 30 
deflection angle. 

A modification of the optical device according to the 
present invention comprises: a reflecting plane for 
reflecting light; a polarizing prism for splitting incident 
light into two linearly-polarized beams whose polariza- 35 
tion planes are orthogonal, outputting the resultant 
beams along first and second optical paths parallel to 
each other, combining and outputting the two input line- 
arly-polarized beams as output light; a 45<iegree Fara- 
day rotator arranged between the polarizing prism and 40 
the reflecting plane; and a deflecting unit, which is 
arranged between the 45-degree Faraday rotator and 
the reflecting plane, for providing linearly-polarized 
beams in the first and second optical paths with a first 
deflection angle, and providing linearly-polarized beams 45 
orthogonal to the linearly-polarized beams in the first 
and second optical paths with a second deflection angle 
different from the first deflection angle. 

According to the present invention, the number of 
components can be reduced when configuring the opti- so 
cal circulator or the magneto-optical switch, thereby 
downsizing the entire device. Furthermore, two non- 
reciprocal portions each comprising one polarizing 
prism, one 45-degree Faraday rotator, and one deflect- 
ing unit are arranged in tandem, thereby reducing the 55 
cross talk. 

In the modification, the number of polarizing prisms 
and 45-degree Faraday rotators can be further reduced 



fr m two to one, by adopting a reflecting plane. As a 
result not only the number of components but the man- 
ufacturing cost can be reduced. Furthermor , light 
passes twice through th non-reciprocal portion includ- 
ing the polarizing prism, 45-degree Faraday rotator, and 
biref ringent wedge, thereby also reducing the cross talk. 

Still further, rt is configured so that the deflecting 
unit provides linearly-polarized beams in the first and 
second optical paths with the first deflection angle, and 
provides linearly-polarized beams orthogonal to the lin- 
early-polarized beams in the first and second optical 
paths with the second deflection angle different from the 
first deflection angle. Accordingly, if it is controlled to 
provide light input from a right side with the first deflec- 
tion angle, and provide light incident from a left side with 
the second deflection angle using the 45-degree Fara- 
day rotator, a light-receiving point at which the light from 
the right side is received will be different from a light- 
sending point from which the light from the left side is 
supplied in which the light from the left side is received 
where the light from the right side is supplied. In this 
way, an optical circulator can be implemented. 

Still further, the direction of the rotation angle of the 
45-degree Faraday rotator is inverted by inverting the 
magnetic field applied to the magneto-optical crystal of 
the 45-degree Faraday rotator, thereby providing light 
input from the right side of the optical device with the 
second deflection angle, and providing light input from 
the left side of the optical device with the first deflection 
angle. Thus, a light-receiving point at which input light is 
received can be switched, thereby implementing the 
capability of the magneto-optical switch. 

Brief Description of the Drawings 

Figs. 1 A and 1B are schematic diagrams showing a 
conventional optical circulator or magneto-optical 
switch; 

Fig.2 is a schematic diagram showing a first 
embodiment of an optical device according to the 
present invention; 

Figs.3A and 3B show cross sections of optical 
paths at stages indicated by the numbers in paren- 
theses shown in Fig.2, and the polarization direc- 
tions of the light; 

Fig.3C shows the orientation of the birefringent 
wedges; 

Fig.4 is a schematic diagram showing a disposition 
relationship between fibers 103 and 104 which 
respectively receive beams of fight output from the 
optical device shown in Fig.2 at different angles; 
Figs.5A and 5B are schematic diagrams showing 
the implementation of a 45-degree Faraday rotator 
for use in the optical devices shown in Fig.2; 
Figs.6A and 6B are schematic diagrams explaining 
the concept of an optical circulator and a magneto- 
optical switch to which the optical circulator is 
applied; 
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Figs.7A through 7E ar schematic diagrams show- 
ing modifications to a birefringent wedge; 
Figs.8A through 8E are sen matic diagrams show- 
ing further modifications to the birefringent wedge; 
Fig.9 is a schematic diagram showing a second s 
embodiment of the ptical device according to th 
present invention; 

Fig. 10 is a schematic diagram showing a third 
embodiment of the optical device according to the 
present invention; and 10 
Figs.11A through 11D are schematic diagrams 
showing the paths of two linearly-polarized beams. 
Figs.12A through 12C are schematic diagrams 
showing application of the optical device as the 
optical circulator according to the present invention. 75 

Description of the Preferred Embodiments 

Fig.2 is a schematic diagram showing the first 
embodiment of the optical device according to the 20 
present invention. 

The optical device shown in this figure comprises 
fibers 101 through 104 for inputting/outputting light 
lenses 105-1 and 105-2 for collimating/focusing the light 
input/output to/from the fibers 101 through 1 04, polariz- 25 
ing prisms 106-1 and 106-2 for splitting/combining 
orthogonally-polarized beams, 45-degree Faraday rota- 
tors 1 07-1 and 107-2 for rotating a polarization direction 
of light by 45 degrees, and birefringent wedges 108-1 
and 108-2 for changing a deflection direction of light. 30 
Since two non-reciprocal portions are connected in tan- 
dem in the configuration as shown in Fig.2, the square 
of the cross talk caused in either of the non-reciprocal 
portions will be the total cross talk of the two. Accord- 
ingly, if the cross talk caused in either of the non-recip- 35 
rocal portions is one hundredth, the total cross talk will 
be one ten-thousandth. As a result, a configuration with 
reduced cross talk can be implemented. 

Light input from the fiber 101 is collimated by the 
lens 105-1, and split into two linearly-polarized beams 40 
which are orthogonal by the polarizing prism 106-1. The 
respective split beams are output from the polarizing 
prism 106-1 along two parallel optical paths with the 
orthogonality of their polarization planes maintained. 
These beams pass through the 45-degree Faraday as 
rotator 107-1 , so that the respective polarization planes 
are rotated by 45 degrees. Each of the beams enters 
each of the birefringent wedges 108-1 and 108-2. The 
wedge angles of the birefringent wedges 108-1 and 
1 08-2 are identical, but the directions of their optic axes so 
are respectively parallel to the polarization planes of the 
linearly-polarized beams. That is, the directions of the 
optic axes of the birefringent wedges 108-1 and 108-2 
form 90 degrees the forward direction of light. Since 
both of the polarized beams pass through the birefrin* 55 
gent wedges 108-1 and 108-2 as extraordinary light 
they are refracted as extraordinary light. As a result, 
they are still parallel after passing through the birefrin- 
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gent wedg s 108-1 and 108-2. Since the polarization 
planes are orthogonal after passing through the 45- 
degree Faraday rotator 107-2, they are recombined into 
one beam by the polarizing prism 106-2. Both of the 
polarization components are focused onto the fiber 104 
and output. If the rotation angles of the polarization 
planes of the two 45-degree Faraday rotators 107-1 and 
107-2 are in the same direction at this time, the polari- 
zation planes are both rotated by 90 degrees. Note that 
the same capability as that of the polarizing prisms 1 06- 
1 and 106-2 can be implemented also by a birefringent 
plate. 

In the meantime, light incident from the fber 104 is 
collimated by the lens 105-2, and split into two linearly- 
polarized beams which are orthogonal by the polarizing 
prism 106-2. The respective resultant beams are output 
from the polarizing prism 106-2 along two parallel opti- 
cal paths from the prism with the orthogonality of their 
polarization planes maintained. These beams pass 
through the 45<Jegree Faraday rotator 107-2, and their 
polarization planes are rotated by 45 degrees. Then, 
they respectively enter the birefringent wedges 108-1 
and 108-2. Since the polarization planes of both of the 
beams are rotated by 90 degrees compared with the 
case where a light proceeds from the fiber 101 to the 
fber 104, they are made ordinary in the birefringent 
wedges 108-1 and 108-2, and refracted as ordinary 
light. After passing through the 45-degree Faraday rota- 
tor 107-1, they are recombined into one beam by the 
polarizing prism 106-1. Because the beams are 
refracted by the birefringent wedges 108-1 and 108-2 
as ordinary light in this case, its angle of travel is differ- 
ent from that of the light output from the fiber 101. 
Accordingly, it is focused onto the fiber 102. Similarly, 
light input from the fiber 102 enters the polarizing prism 
106-1 from a direction somewhat different to that of the 
light output from the fber 101. Therefore, it is output 
from the polarizing prism 106-2 at an angle different 
from that of the light output from the fber 101, and 
focused onto the fiber 103. In this way, the capability of 
the optical circulator can be implemented. 

The light output from the fber 103 is focused onto 
neither the fiber 1 01 nor the fiber 1 02, and is output in a 
direction different to that of the fibers 101 and 102. 
Therefore, it is not a perfect optical circulator, but is 
enough as a circulator in practice if the above described 
function is realized. 

Note that the polarizing prisms 106-1 and 106-2 
can be formed by adhering a polarized-light splitting fil- 
ter (multilayer interference filter) between two pieces of 
glass in the form of a prism. In addition, a single crystal 
of titanium dioxide or calcite can be used as the material 
for the birefringent wedges 108-1 and 108-2. 

In the configuration shown in Fig.2, the lens 105-1 
is arranged for the fbers 101 and 102 in common, and 
the lens 105-2 is arranged for the fbers 103 and 104 in 
common. However, one lens may be arranged for each 
of the fbers. Furthermore, optical fbers 101 through 
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104 may be combined within a ferrule assembly. 

The above provided explanation is based on the 
assumption that the Faraday rotation angles of the two 
45-degre Faraday rotators rotate in the same direction. 
However, the Faraday rotation angles of the 45-degree s 
Faraday rotators 107-1 and 107-2 may be intended t 
rotate in opposite directions. In this case, a beam output 
from the polarizing prism 106-1 and polarized orthogo- 
nally to the plane of the drawing of this figure, enters 
also the polarizing prism 106-2 as a beam polarized 10 
orthogonally to the plane of the figure, while a beam 
output from the polarizing prism 106-1 and polarized in 
parallel to the plane of the figure, also enters the polar- 
izing prism 106-2 as a beam polarized in parallel to the 
plane of the figure. 75 

Accordingly, the beam is output in a direction indi- 
cated by a in Rg.2. A lens and f toer may be arranged to 
receive the beam at this point. 

Figs.3A and 3B show cross sections at stages of 
the optical path indicated by the numbers in parenthe- 20 
ses shown in Rg.2, and the polarization directions of the 
light. The polarization directions of light indicate the 
polarization directions as seen from the propagating 
direction of light. That is, the polarization directions 
seen from the direction of an arrow A in Fig.2 is indi- 2s 
cated when the light propagates from the left to the 
right, while the polarizing directions as seen from the 
direction of an arrow B in Fig.2 when the light propa- 
gates from the right to the left. In Figs.3A and 3B the 
birefringent wedges are arranged so that the apex of the 30 
wedges point upward as shown in Fig.3C. Provided next 
is the explanation about these figures regarding the 
solid-line arrows. The explanation about these figures 
regarding the dotted-line arrows will be provided later. 

(1) in Fig.3A shows the propagating direction and 35 
polarization state of light input from the fiber 101 and 
collimated by the lens 105-1. As shown in (1), the light 
output from the fiber 101 contains polarized beam com- 
ponents which are orthogonal to each other. 

When the beams shown in (1) pass through the 40 
polarizing prism 106-1, one of the orthogonal! y-polar- 
ized-beam components (the "p" component) continues 
straight, while the other of the two (the V component) 
is reflected and its optical path is changed. In the case 
shown in Fig.3A, a horizontally-polarized beam contin- 45 
ues straight and passes through the polarizing prism 
1 06-1 . Accordingly, the components polarized in vertical 
and horizontal directions proceed along different optical 
paths, as shown in (2). 

The respective polarized beams split by the polariz- so 
ing prism 106-1 pass through the 45-degree Faraday 
rotator 107-1, so that their polarization planes are 
rotated clockwise by 45 degrees as shown in (3) of 
Fig.3A. Then, they pass through the birefringent 
wedges 108-1 and 108-2 respectively. Since the polar- 55 
ized beams shown in (3) of Fig.3A pass as extraordi- 
nary light inside the birefringent wedges 108-1 and 108- 
2, they are significantly deflected and output from the 



birefringent wedges 108-1 and 108-2 as shown in (4), 
as compared with in th case of ordinary light. 

The beams which pass through the birefringent 
wedges 108-1 and 108-2 then pass through the 45- 
degree Faraday rotator 107-2, so that their polarization 
planes are rotated clockwise by 45 degrees and output 
as beams which are horizontally and orthogonally polar- 
ized, as shown in (5). These beams are combined by 
the polarizing prism 106-2, and output from the polariz- 
ing prism 106-2 at an angle different from the angle of 
incidence in (1). as shown in (6) of Fig. 3 A. It is received, 
for example, by the ffoer 104. 

On the contrary, the light output from the fiber 104 
is input as the light containing vertically and horizontally 
polarized beams as shown in (6) of Fig.3B. They are 
polarized and split by the polarizing prism 106-2 to 
become in the state as shown in (5) of Fig.3B. Their 
polarization planes are rotated counterclockwise as 
shown in (4) of Fig.3B by passing through the 45- 
degree Faraday rotator 107-2. 

After passing through the 45-degree Faraday rota- 
tor 107-2, the beams are input to the birefringent 
wedges 108-1 and 108-2. Since beams input to the bire- 
fringent wedges 108-1 and 108-2 will pass through the 
birefringent wedges 108-1 and 108-2 as ordinary light at 
this time, as shown in (4) of Fig.3B, they are output at an 
angle different from that in the case described by refer- 
ring to Fig.3A. Accordingly, the change of the angles 
seen from (3) to (4) in Fig.3A is not seen from (4) to (3) 
in Fig.3B. In practice the angles change, but the figures 
are intended to show the states as if there were no 
angle change. This is because the refraction difference 
between extraordinary and ordinary light can be seen 
clearly. 

The beams output from the birefringent wedges 
108-1 and 108-2 are input to the 45-degree Faraday 
rotator 107-1, and their polarization planes are rotated 
counterclockwise by 45 degrees to become in the state 
shown in (2) of Fig.3B. Then, these orthogonal beams 
are combined by the polarizing prism 1 06-1 , and output 
to the lens 105-1. As is evident from the comparison 
between (1) of Fig.3A and (1) of Fig.3B, the light output 
from the lens 105-1 is output at an angle different from 
that of the light input from the fiber 101 ((1) of Fig.3A). 
Accordingly, the light shown in (1) of Fig.3B is received 
by the ffoer 1 02, different from the fiber 101. 

In this way, the light input from the ffoer 101 pro- 
ceeds to the fiber 1 04, while the light input from the fiber 
104 proceeds to the ffoer 102. Thus, an optical circula- 
tor can be implemented according to the configuration 
shown in Rg.2. 

Rg.4 is a schematic diagram showing a disposition 
relationship between the fibers 103 and 104 which 
respectively receive light output at different angles from 
the optical device shown in Fig.2. 

With the optical device shown in Fig.2, light input 
from the fibers 101 and 102 are output at different 
angles from the polarizing prism 106-2. For example, if 
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the bir fringent wedges are arranged as shown in 
Fig.3C, the fibers 103 and 104 will be arranged orthog- 
onally to the plane of the drawing of Fig.4. 

In Fig.4, the optical device 301 indicates the portion 
composed of the polarizing prisms 106-1 and 106-2, 45- s 
degree Faraday rotators 107-1 and 107-2, and birefrin- 
gent wedges 108-1 and 108-2. shown in Fig.2. 

Assuming that an angle formed by two beams pro- 
ceeding in two different directions output from the opti- 
cal device 301, is "6", and the focal -length of the lens 10 
105-2 is T, an interval "d" between the fibers 103 and 
104 arranged for respectively receiving the beams pro- 
ceeding in different directions, is represented by 
d = f x 9 . Here, the angle "0" is defined in radians, 
which are much smaller than "1\ 15 

The fibers 103 and 104 are arranged at an interval 
"d" which allows the beams whose proceeding direc- 
tions are different by 6 radian to be focused by the lens 
105-2 and received by the respective fibers 103 and 
104. 20 

According to the present invention as described 
above, the proceeding directions of the beams whose 
polarization states are different are deflected at different 
angles by using the bir ef ring ent wedges 108-1 and 108- 
2, unlike the conventional optical device of Fig. 1 B which 25 
spatially changes an optical path of light passing 
through the optica] device 301. 

Figs.SA and 5B are schematic diagrams showing 
the configuration of the 45-degree Faraday rotator for 
use in the optical device shown in Fig.2. 30 

The 45-degree Faraday rotator is implemented by, 
for example, magnetizing a magneto-optical crystal 401 
using permanent magnets 402 as shewn in Fig.SA. The 
Faraday rotation angle is fixed in this case. In the config- 
uration shown in Fig.SA, the poles of the two permanent 35 
magnets 402 are arranged so that magnetic fields par- 
allel to the direction of input light 404 are applied to the 
magneto-optical crystal 401. thereby obtaining a 45- 
degree Faraday rotation angle. Since the rotation angle 
of such a 45-degree Faraday rotator is fixed, the capa- 40 
bility of the optical circulator will be limited. 

However, the rotation angle may be changed by 
configuring the Faraday rotator with an electromagnet 
403 as shown in Fig. SB. In this case, the rotation angle 
can be inverted by inverting the direction of the electric 45 
current flowing in the electromagnet 403, which leads to 
inverting the direction of the magnetic field applied to 
the magneto-optical crystal. When the rotation angle is 
inverted, beams polarized as ordinary and extraordi- 
nary light inside a birefringent wedge are exchanged, so 
As a result, a ffoer receiving the beam is switched and 
the device serves as a magneto-optical switch. 

That is, beams of light input from the fiber 104 are 
polarized orthogonally to the polarized beams shown in 
(4) of Fig.3B, and pass through the birefringent wedges ss 
108-1 and 108-2 as extraordinary light in the direction of 
(4) to (3) in Fig.3B. Therefore, they become the state 
indicated by the dotted-line arrows in (3) in Fig.3B. 



Since the beams ar output at angles indicated by dot- 
ted-line arrows in (1) in Fig.3B, the beams are output 
not to fiber 102, but to fiber 101 in Fig.2. 

Thus, light input from one ffoer can be output to a 
different fiber by inverting the rotation angles of the 45- 
degree Faraday rotat rs 107-1 and 107-2. thereby utiliz- 
ing the optical device as a magneto-optical switch. 

The electromagnet 403 shown in Fig.SB may be 
composed of a coil and a soft magnetic material, or of a 
coil and a semi-hard magnetic material as a serf-holding 
switch. In the configuration shown in Fig.2, two non- 
reciprocal portions are used for the optical circulator 
and magneto-optical switch, thereby reducing cross 
talk. 

Figs.6A and 6B are schematic diagrams showing 
the concept of an optical circulator and a magneto-opti- 
cal switch to which the optical circulator of the present 
invention is applied. 

As shown in Fig.6A, an input/output relationship of 
light is switched to start circulating from (1). That is, light 
output from (1) is input to (2); light output from (2) is 
input to (3); and light output from (3) is input to (4) . Here, 
assuming that (1) corresponds to the fber 101 shown in 

. (2). (3), and (4) correspond to the fibers 104, 102, 
and 103 respectively. 

If the rotation angle of the 45-degree Faraday rota- 
tor is inverted as described above, the lights input from 
the same input optical fibers are output to different opti- 
cal fibers. 

That is, the light output from (1) is input to (4) as 
shown in Fig.6B. Similarly, the light output from (4) is 
input to (3), and the light output from (3) is input to (2). It 
means that the optical paths are changed to a direction 
opposite to that shown in Fig.6A. Accordingly, if the light 
is output from (1), the direction of this light can be 
changed from (2) to (4) by inverting the rotation angle of 
the 45-degree Faraday rotator. As described above, a 
magneto-optical switch with the same configuration as 
the optical circulator can be implemented by simply 
allowing the 45-degree Faraday rotator to invert its rota- 
tion angle. 

Figs.7A through 7E show modifications to a birefrin- 
gent wedge assembly. 

For a birefringent wedge, the direction in which it 
deflects a light may be parallel or orthogonal to a plane 
containing two parallel beams, or may be arbitrary. 
Figs.7A and 7C show examples of birefringent wedges 
whose deflection directions are parallel, while Figs.7B 
and 7D show examples of birefringent wedges whose 
deflection directions are orthogonal. In Figs.7A through 
7E, each arrow indicates the direction of an optic axis of 
each birefringent wedge. 

In Figs.7A and 7B, the wedge angles of the birefrin- 
gent wedges are the same, but their optic axes are 
inclined at +45 degrees and -45 degrees respectively. In 
the meantime, birefringent wedges of opposite orienta- 
tion and with orthogonal optic axes are included in 
respective optical paths in Figs.7C and 7D in addition to 
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the birefringent wedges in Rgs.7A and 7B. Refraction 
caused by the first birefringent wedge is normally can- 
celled by the refraction caused by the next birefringent 
wedge. The averag directi n of two beams whose 
polarization planes ar different after passing through 
the two birefringent wedges, is the same as that prior to 
passing through the birefringent wedges, while the split 
angle is changed by deflection. 

Here, the average direction of two beams indicates 
the direction of a bisector of an angle formed by the two 
beams of light which becomes identical to that prior to 
passing through the birefringent wedges. That is, the 
proceeding direction of the light output from the polariz- 
ing prism 106-2 shown in Fig.2, spreads at the same 
angle on both sides of Fig.2 in the direction indicated by 
the dotted line arrow of Rg.2. 

Fig.7E shows another example of a modification to 
the birefringent wedge. In particular, this example 
adopts half-wave plates. With the conf iguration shown 
in Fig.7E, the birefringent wedge is composed of one 
wedge having a vertical optic axis. In this case, the 
direction of the optic axis may be either vertical or hori- 
zontal, and the birefringent wedge depicted as one bire- 
fringent wedge plate may be composed of two 
birefringent wedges having their optic axes in the same 
direction. 

In this configuration, half-wave plates whose princi- 
pal axes are inclined at 22.5 degrees from the vertical 
are included in the paths of respective beams split by a 
polarizing prism, in addition to the birefringent wedge, in 
order to obtain the desired capability. For the half-wave 
plates, one of the principal axes which are orthogonal to 
each other will be the optic axis. For example, half -wave 
plates 601 and 602 have principal axes which are 
respectively inclined at 22.5 degrees from the vertical in 
opposite directions. The principal axes of half-wave 
plates 603 and 601 are inclined at 22.5 degrees in the 
same direction, and the principal axes of the half-wave 
plates 604 and 602 are also inclined at 22.5 degrees in 
the same direction, and the half-wave plates 603 and 
604 counter-rotate the polarization planes rotated by 
the half-wave plates 601 and 602. Although the number 
of constituent elements becomes larger, such a config- 
uration can perform the same function as that of the 
birefringent wedges shown in Fig.7A and Fig.7B. 

Figs.8A through 8E are schematic diagrams show- 
ing other modifications to the birefringent wedge. Fig.8A 
shows a modification of the birefringent wedge where 
the directions of the wedges are opposed. Opposed 
directions of the wedges indicates the state where the 
apex of the wedges face each other, or the state where 
the bases of the wedges face each other. The condition 
where the wedge angles have mutually opposite signs 
refers to such states. 

Also with such a configuration, the average refrac- 
tion angle of ordinary and extraordinary light can agree 
with a direction from which the light enters the corre- 
sponding birefringent wedges. In this case, the sign of 



the wedge angle of the first birefringent wedge is ppo- 
site to that of the wedge angle of th second birefringent 
wedge, but their angles are the same. The direction of 
the optic axes of the two first birefringent wedges are 

5 the same, while the directions of the optic axes of the 
two second birefringent wedges are orthogonal to the 
optic axes of the first birefringent wedges. 

Fig.SB shows the configuration where the locations 
of the first and second birefringent wedges shown in 
10 Fig.8A are exchanged. Also in such a configuration, the 
proceeding direction of light refracted by the first bire- 
fringent wedge may be corrected by the second birefrin- 
gent wedges, so that the average refraction angle of 
ordinary and extraordinary light can agree with an input 

is direction of the light. 

Furthermore, as shown in Fig.8C, the average 
beam direction after passing through the birefringent 
wedges can also agree with the incidence direction of 
light by replacing the second birefringent wedges with a 

20 wedge made of an isotropic material such as glass, etc. 
in Figs.7C, 7D, 8A, and 8B. When a glass wedge is 
used, there is no orientation problem such as with the 
optic axis of a crystal. Therefore, there is no need to 
arrange wedges respectively for two optical paths. That 

25 is, it is sufficient to use only one glass wedge as shown 
in Fig.SC. Also, glass wedges may be arranged for the 
respective individual optical paths. In this case, the 
wedge angle of the glass wedge must be larger by the 
ratio of the average refractive index of the birefringent 

30 wedges to the refractive index of the glass wedge, and 
the orientation of the glass wedge must be opposite to 
the birefringent wedges, as shown in Fig.SC. When the 
orientation of the birefringent wedges and that of the 
glass wedge are opposite as described above, it is 

35 defined that the signs of the wedge angle of the birefrin- 
gent wedges and the wedge angle of the glass wedge 
are opposite. 

Fig.8D shows a relationship between a wedge 
angle of glass wedge and that of a birefringent wedge. 

40 The angles of refraction of a birefringent wedge for 
ordinary and extraordinary beams are different. Accord- 
ingly, the refractive index of the birefringent wedge also 
varies depending on whether it is the ordinary beam or 
the extraordinary beam which passes through a birefrin- 

45 gent wedge. Assuming that a certain beam of light is 
deflected at the average of the refractive indices of the 
ordinary and extraordinary beams in a birefringent 
wedge, this beam proceeds to an optical path in the 
middle of the optical paths to which the extraordinary 

so and ordinary beams proceed respectively. 

In the meantime, if the refractive index of the glass 
wedge is equal to the above described average of the 
refractive indices of the birefringent wedges, the wedge 
angle of the glass wedge may be the same as that of a 

55 birefringent crystal. However, if the refractive index of 
the glass wedge is smaller than the average of the 
refractive indices, the optical path of the light (1) does 
not become parallel to the proceeding direction of light 
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incident on the birefringent wedge, with ut increasing 
the wedge angle of the glass wedge. Accordingly, the 
wedge angle f the glass wedge needs to be increased 
in order to make the optical paths parallel. As described 
above, the angle of the glass wedge is determined by 5 
the ratio of the average of the refractive indices of the 
ordinary and extraordinary beams in the birefringent 
wedge to the refractive index of the glass wedge. Thus, 
the angle of separation between the extraordinary and 
ordinary beams can be made symmetrical with respect 10 
to the direction of incidence of the light 

Since an optical path may be deflected by a wedge 
as described above, separate beams can be received 
by respective fibers. Especially, if parallel beams whose 
directions are slightly different are collected into one 75 
lens, the focus points become different. Therefore, they 
are received by fibers arranged at the respective focus 
points. 

Fig.8E shows another configuration of the birefrin- 
gent wedges. 20 

In this figure, birefringent wedges 701 and 702 are 
arranged by being inclined at 45 degrees from the hori- 
zontal. The optic axis of the birefringent wedge 701 indi- 
cated by an arrow shown in Fig.8E is arranged to be 
parallel to the base of the wedge, while the optic axis of 25 
the birefringent wedge 702 is arranged to be orthogonal 
to the base of the wedge. 

Normally, when light enters a birefringent wedge, its 
angle of incidence is not exactly orthogonal to the 
inclined plane of the wedge. However, if the optic axis is 30 
orthogonal or parallel to a plane containing the normal 
of the inclined plane of the wedge and the incidence 
direction of light, the polarization and splitting of the light 
can be realized even if the light is not incident orthogo- 
nally. In Fig.8E, the optic axis of the birefringent wedge 35 
701 is orthogonal to the plane containing the normal of 
the inclined plane of the wedge and the incidence direc- 
tion of light, while the optic axis of the birefringent 
wedge 702 is parallel. Accordingly, the polarization 
directions of light passing through the birefringent 40 
wedges 701 and 702 as extraordinary or ordinary light 
become parallel to each other on the inclined plane of 
the birefringent wedges 701 and 702. Accordingly, 
cross talk which is produced by the light passing 
through the birefringent wedges can be reduced. Under 45 
ideal circumstances, the cross talk could be eliminated. 

The above described configuration employs two 
Faraday rotators. However, one Faraday rotator may be 
used to work twice by reflecting the light back through it 

Fig.9 is a schematic diagram showing the second so 
embodiment of the optical device according to the 
present invention. 

This device is composed of a reflecting plane 706, 
birefringent wedge 705, 45-degree Faraday rotator 704, 
polarizing prism 703, lenses 702-1 and 702-2, and fib- ss 
ers 701-1 through 701-4. 

Light input from the fiber 701 -1 is collimated by the 
lens 702-1, and input to the polarizing prism 703. In the 



polarizing prism 703, th light is split into polarized 
beams of light which are orthogonal to each other. The 
beam whose polarization direction is parallel to a plane 
of the drawing f this figure follows optical path 1 , while 
the beam whose polarization direction is orthogonal to 
the plane of the drawing follows an optical path 2. Next, 
the respective beams are rotated counterclockwise by 
45 degrees by the Faraday rotator 704, as shown at the 
bottom of Fig.9. In this way, the polarization planes of 
the beams in the optical paths 1 and 2 are made parallel 
to the optic axes of the birefringent wedges 705 shown 
at the bottom of Fig.9, and are refracted as extraordi- 
nary light. The beams output from the birefringent 
wedges 705 are reflected by the reflecting plane 706, 
and again refracted by the birefringent wedges 705 as 
extraordinary light. Then, the polarization planes are 
further rotated by 45 degrees by the Faraday rotator. 
The beam in the optical path 1 now has a polarization 
direction perpendicular to the plane of the figure, while 
the beam in the optical path 2 now has a polarization 
direction parallel to the plane of the figure. The beams 
are input to the polarizing prism 703. Thus, the beams 
passing along the optical paths 1 and 2 are combined, 
output to the lens 702-2, and received by the fiber 701- 
4. 

In the meantime, a beam of light output from the 
fber 701-4 is collimated by the lens 702-2, and spirt by 
the polarizing prism 703. In this case, a polarized beam 
vertical to the plane of the figure follows the optical path 
1 , while a polarized beam parallel to the plane of the fig- 
ure follows the optical path 2. They become orthogonal 
to the optic axes of the birefringent wedges 705 after 
being rotated by the 45-degree Faraday rotator, and 
refracted as ordinary light They are further refracted by 
the birefringent wedges 705 after being reflected by the 
reflecting plane 706. Then, their polarization planes are 
rotated by the 45-degree Faraday rotator 704. As a 
result, a polarized beam parallel to the plane of the fig- 
ure follows the optical path 1, while a polarized beam 
orthogonal to the plane of the figure follows in the opti- 
cal path 2. These beams are output to the lens 702-1 , 
and input to the fber 701 -2. 

The light output from the fiber 701-2 undergoes an 
operation similar to that of the light output from the fiber 
701-1. However, since the locations of the fibers 701-1 
and 701-2 are different, it is output from the lens 702-2 
at an angle different from that of the light output from the 
fber 701-1, and accordingly is focused onto the fiber 
701-3. 

As described above, the configuration shown in 
Fig.9 can provide an operation similar to that of the opti- 
cal device shown in Fig.2, thereby implementing the 
capabilities of both the optical circulator and magneto- 
optical switch. 

For the configuration shown in Fig.9, the explana- 
tion where the reflecting plane 706 is separately 
arranged was provided. However, the reflecting plane 
706 may be incorporated into each of the birefringent 
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wedges 705. For example, a reflecting film can be 
arranged on ne of the planes of both of the birefringent 
wedges 705. 

Fig. 10 is a schematic diagram showing the third 
embodiment of the optical device according to the s 
present invention. 

In this figure, the same constituent elements as 
those shown in Fig.2 are denoted by the same refer- 
ence numerals. In Fig. 10, birefringent crystals 801 and 
802 are arranged instead of the polarizing prisms in w 
Fig.2. Light output from the fiber 101 or 102 is split into 
extraordinary and ordinary beams whose polarization 
planes are orthogonal to each other, by the birefringent 
crystal 801 as indicated by the dotted lines. The beams 
having the orthogonal polarization planes become par- 75 
allel after passing through the birefringent crystal 801. 
Then, their polarization planes are rotated 45 degrees 
by the Faraday rotator 107-1 , and the beams enter the 
birefringent wedges 108-1 and 108-2 as extraordinary 
light. They are refracted by the birefringent wedges 108- 20 
1 and 108-2 as extraordinary light, and their polarization 
planes are further rotated by the 45-degree Faraday 
rotator 107-2. As a result, they are converted into a 
polarized beam orthogonal to the plane of the drawing 
of this figure and a polarized beam parallel to the plane 2s 
of the drawing. Then, they are input to the birefringent 
crystal 802, so that the orthogonally polarized beams 
are combined and output to the lens 105-2. 

Whether the output light enters either the fiber 103 
or the fiber 1 04 depends on from which of the fibers 101 30 
and 102 the light is output from. For example, light out- 
put from the fiber 101 is input to the fiber 104, and light 
output from the fber 102 is input to the fber 103. Since 
there is a gap between the locations of the fibers 101 
and 1 02 as described above, the direction to which the 35 
light refracted by the birefringent wedge 108-1 is output 
through lens 105-2 becomes different. 

Figs.HA through 11D are schematic diagrams 
explaining the preferable configurations of birefringent 
wedges. 40 

The above described embodiment refers to the con- 
figuration of the birefringent wedges whose apexes are 
oriented horizontally, while Rgs.11A through 11D refer 
to the configuration in which the apexes of the birefrin- 
gent wedges face upward in the drawing, as shown in 45 
Fig.7B. 

In the above described embodiment, the birefrin- 
gent wedges 800-1 and 800-2 are arranged side by side 
as shown in Fig. 11 A. With such an arrangement, the 
lengths of optical paths from the lens 105-1 shown in so 
Fig.HA to the respective birefringent wedges 800-1 
and 800-2 become different. Similarly, the lengths of the 
optical paths from the birefringent wedges 800-1 and 
800-2 to the lens 105-2 come to differ. That is, the dis- 
tance of the optical path (l)-(2)-(4) becomes different ss 
from that of the optical path (1)-(2)-(3)-(5) ( by the por- 
tion of the optical path (2)-(3). Similarly, the distance of 
the optical path (5)-(7)-(8) becomes shorter than that of 



the optical path (4)-(6)-{7)-(8). by th portion of (6)-(7). 

Light input from the lens 105-1 propagates the opti- 
cal path (1)-(2)-(4) or the optical path (1)-(2)-(3)-(5), 
reaches the respective birefringent wedges 800-1 and 
800-2, and is refracted. In Fig. 11 A, the light is refracted 
downward in the drawing. Originally, after the light out- 
put from the lens 105-1 propagates the two optical 
paths as two beams, and are combined at the polarizing 
prism 1 06-2. they must be again input to the lens 1 05-2 
as one beam. However, the two beams are not com- 
bined into one when they enter the lens 105-2 in the 
configuration shown in Fig.11A, because the lengths of 
the optical paths from the birefringent wedges 800-1 
and 800-2 are different from each other. They enter the 
lens 1 05-2 as two split beams. 

Fig.11B explains this phenomenon. This figure 
depicts the optical paths (l)-(2)-(4)-(6)-(7)-(8) and (1)- 
(2)-(3)-(5)-(7)-(8) together for ease of understanding. 
With the configuration shown in Fig.11B, one of the 
beams output from (1) is refracted at (4), while the other 
is refracted at (5). That is, the distances of the two opti- 
cal paths from (1) to the respective birefringent wedges 
800-1 and 800-2 are different in Fig. 11 A. When the 
beams are refracted at the birefringent wedges 800-1 
and 800-2, the distances to the position of the lens 105- 
2, that is, (8), are different as is evident from Fig.11B. 
Therefore, even if the beams are refracted at the same 
angle at (4) and (5). they are not combined into one 
when they reach (8). They are yet the two beams. This 
is because the distance from the birefringent wedge 
800-1 to the lens 105-2 is different from that from the 
birefringent wedge 800-2 to the lens 105-2. 

With the preferable configuration of the birefringent 
wedges 800-1 and 800-2 shown in Fig.11C, the respec- 
tive distances from the lens 105-1 to the birefringent 
wedges 800-1 and 800-2, are made equal. With such a 
configuration, the distances from the respective birefrin- 
gent wedges 800-1 and 800-2 to the lens 105-2 become 
equal at the same time. That is, the distances of the 
optical paths (10M1 1)-(13) and (10)-(1 1)-(12)-(14), and 
the distances of the optical paths (13)-(15)-(16M17) 
and (14)-(16)-(17) become equal. 

Accordingly, the beams are refracted by the birefrin- 
gent wedges 800-1 and 800-2 at the same angle, and 
propagate the same distance to the lens 105-2. There- 
fore, they enter the same point of the lens 105-2 at the 
same angle. Fig.11D explains this phenomenon. 

Since the respective distances from (1 0) to (1 3) and 
(14), the respective distances from (13) or (14) to (17) 
become equal as shown in Fig. 1 1 D, both of the beams 
refracted at the same angle reach the same point of 
(1 7). Accordingly, one beam input from the lens 1 05- 1 is 
input as one beam also when it enters the lens 105-2. 

Therefore, the birefringent wedges 800-1 and 800- 
2 are spaced evenly from the respective lenses 105-1 
and 1 05-2 as shown in Fig. 1 1 C, in order to configure the 
optical device according to the present invention. Note 
that, however, the birefringent wedges 800-1 and 800-2 
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must be arranged in consideration f the thickness f CI 
the prism which seems to be approximately 1 /(refractive 
index of the prism) due to the refraction of the prism, 1. 
when the beams pass through the polarizing prisms 
106-1 and 106-2. 5 

Figs.12A through 12C are schematic diagrams 
showing modifications to the optical device imple- 
mented as a optical circulator according to the present 
invention. 

An optical circulator 901 may be configured so that 10 
light is transmitted from a light source 902 to a transmis- 
sion channel 903 and the light from the same transmis- 
sion channel 903 is received by a light-receiving device 
904, as shown in Fig. 12 A. According to such a configu- 
ration, light transmitted from the light source 902 as a 75 
signal can be transmitted to the transmission channel 
903, and at the same time, the light signal transmitted 
from the transmission channel 903 can be received by 
the light-receiving device 904. Accordingly, arranging 
the configuration shown in Fig.12A in a terminal station 20 
in an optical communication system allows the imple- 
mentation of an optical transmitting/receiving device 
equipped with transmitting/receiving capabilities. 

Furthermore, the light transmitted from the trans- 
mission channel 903 may be transmitted to a f ber grat- 25 
ing 905, etc. in order to receive a reflected light of a 
particular wavelength, as shown in Rg.12B. That is, the 
light is input from the transmission channel 903 to the 2. 
circulator 901 and transmitted to the fiber grating 905. 
Then, a particular wavelength is reflected, transmitted 30 
to the light-receiving device 904, and received. As 
described above, light of a particular wavelength among 
a plurality of wavelengths of light transmitted from the 3. 
transmission channel 903, can be extracted, thereby 
using the optical circulator as a light-receiving device for 35 
each channel of a wavelength division multiplexing 
communication system. 

Furthermore, if the optical device according to the 
present invention is used as a magneto-optical switch, a 
light signal can be transmitted/received by switching an 40 4. 
optical path of light in transmission channels (1) and (2) 
depending on need, outputting the light to, for example, 
(3), and preparing a terminal 906 which can trans- 
mit/receive the light signal, as shown in Fig.12C. At the 
same time, the result of the process performed on the 45 
transmitted light signal, can be transmitted from the 
transmission channel (4) to the transmission channel 5. 
(2), again as a light signal. 

According to the present invention, an optical 
device, and in particular, an optical circulator or a mag- so 
neto-optical switch, which is easy to configure with a 
small number of components and with reduced cross 
talk, can be provided. 

Additionally, as the number of components is small, 6. 
the size of the device and its manufacturing cost are ss 
reduced. 



An optical device, comprising: 

two polarizing prisms (106-1, 106-2) for split- 
ting incident light into two linearly-polarized 
beams whose polarization planes are orthogo- 
nal, outputting the split beams along first and 
second optical paths which are parallel to each 
other, and combining and outputting the two lin- 
early-polarized beams that are split and input, 
as output light; 

two polarization converters (107-1,107-2) 
arranged between the two polarizing prisms; 
deflecting means (108-1, 108-2), which is 
arranged between the two polarization convert- 
ers, for providing a iinearly-polarized beam in 
the first optical path and a linearly-polarized 
beam in the second optical path with a first 
deflection angle, and providing a linearly-polar- 
ized beam orthogonal to the linearly-polarized 
beam in the first optical path and a linearly- 
polarized beam orthogonal to the linearly- 
polarized beam in the second optical path with 
a second deflection angle different from the 
first deflection angle. 

The optical device according to claim 1 , wherein 

the polarization converter is 45-degree Fara- 
day rotator. 

The optical device according to claim 1 , wherein 

a deflection direction of the deflecting means is 
vertical to a plane containing the first and sec- 
ond optical paths which are parallel to each 
other. 

The optical device according to claim 1 1 wherein 

a deflection direction of the deflecting means is 
parallel to a plane containing the first and sec- 
ond optical paths which are parallel to each 
other. 

The optical device according to claim 1 , wherein 

a deflection direction of said deflecting means 
is 45 degrees from a plane containing the first 
and second optical paths which are parallel to 
each other. 

The optical device according to claim 1 , wherein 
the incident light is a parallel beam of light. 



7. The optical device according to claim 6, wherein 
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th incident fight provided by a fber is colli- 
mated by a lens (105-1, 105-2). and input to 
one of the two polarizing prisms (106-1. 106-2); 
and 

light output as a parallel beam of light from the s 
other of the two polarizing prisms (106-1, 106- 
2) is focused onto a fiber (101 , * • • , 104) by a 
lens (105-1, 105-2). 

8. The optical device according to claim 1 . wherein w 

a lens (105-1, 105-2) for focusing respective 
beams and input/output fibers (101, • • * , 104) 
are arranged at positions to which the respec- 
tive beams proceed, corresponding to different 75 
deflection angles at which two linearly-polar- 
ized beams that are orthogonal are deflected. 

9. The optical device according to claim 7, wherein 

20 

respective input/output fibers (101. • • 104) 
are arranged at a position at which respective 
beams are focused by the lens (105-1 , 105-2), 
corresponding to different deflection angles at 
which two linearly-polarized beams that are 25 
orthogonal are deflected by the deflecting 
means (108-1. 108-2). 

10. The optical device according to claim 9, wherein 

30 

the respective input/output fibers (101, 
104) are installed within a single ferrule, and a 
single lens is used to focus beams onto a plu- 
rality of fibers. 

35 

1 1 . The optical device according to claim 1 , wherein 

each of birefringent wedges with an identical 
wedge angle having optic axes whose orienta- 
tion are different, is arranged for each of the 40 
first and second optical paths which are parallel 
to each other as the deflecting means (108-1, 
108-2); and 

the orientation of the optic axes of the respec- 
tive birefringent wedges are counter-rotated by 45 
90 degrees, centering around a proceeding 
direction of the light. 

12. The optical device according to claim 1 , wherein 

so 

first and second birefringent wedges having 
optic axes whose orientation are different from 
each other, are respectively arranged as the 
deflecting means (108-1, 108-2) for the first 
and second optical paths which are parallel to 55 
each other; 

first birefringent wedges arranged in the first 
and second optical paths possess an identical 



wedge angle, and orientation of optic axes are 
counter-rotated by 90 degrees, centering 
around a proceeding direction of the light; and 
second birefringent wedges arranged in the 
first and second optical paths possess wedge 
angles whose angles are th same, but their 
signs are different, in comparison with the 
respective first birefringent wedges in the first 
and second optical paths, and the orientation of 
optic axes are rotated by 90 degrees, centering 
around the proceeding direction of light, with 
respect to the first birefringent wedges. 

13. The optical device according to claim 1 , wherein 

two first and second birefringent wedges hav- 
ing optic axes whose wedge angles possess 
opposite signs are respectively arranged as the 
deflecting means (108-1, 108-2) for the first 
and second optical paths which are parallel to 
each other; 

the two first birefringent wedges respectively 
arranged in the first and second optical paths 
possess wedge angles whose angles are the 
same, but their signs are opposite, and orienta- 
tion of optic axes are the same; and 
the two second birefringent wedges respec- 
tively arranged in the first and second optical 
paths having wedge angles whose angles are 
the same, but their signs are opposite, in com- 
parison with the first birefringent wedges in the 
respective first and second optical paths, and 
orientation of optic axes are rotated by 90 
degrees, centering around a proceeding direc- 
tion of the light, with respect to the two first bire- 
fringent wedges. 

14. The optical device according to claim 1 , wherein 

a single birefringent wedge is arranged as said 
deflecting means (108-1 , 108-2) for each of the 
first and second optical paths which are parallel 
to each other, and a wedge made of an iso- 
tropic material is arranged; 
wedge angles of the respective birefringent 
wedges are identical, and orientation of optic 
axes are counter-rotated by 90 degrees, 
centering around a proceeding direction of the 
light; and 

a wedge angle of the wedge made of the iso- 
tropic material is larger than a wedge angle of 
a birefringent wedge by a ratio of an average of 
the refractive indices of the birefringent wedges 
to a refractive index of the wedge made of the 
isotropic material, and the sign of the wedge 
angle of the wedge made of the isotropic mate- 
rial is opposite to the sign of the wedge angle of 
the birefringent wedge. 
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1 5. The optical device according to claim 1 , wherein 

birefringent wedges whose orientation of optic 
axes are the same are arranged as the def lect- 
ingmeans(108-1, 108-2) for the respective first s 
and second optical paths which are parallel to 
each other; 

two half -wave plates are arranged with the bire- 
fringent wedges between the respective first 
and second optical paths which are parallel to 10 
each other; 

principal axes of first half -wave plates arranged 
in the first optical path, and principal axes of 
first half-wave plates arranged in the second 
optical path are oppositely inclined at 22.5 is 
degrees from the vertical, and principal axes of 
second naff-wave plates arranged for the 
respective first and second optical paths are 
oriented to the same direction as the principal 
axes of the first half-wave plates arranged for 20 
the respective first and second optical paths. 

16. The optical device according to claim 15, wherein 

the birefringent wedges whose orientation of 25 
optic axes are the same, is implemented by a 
single birefringent wedge which straddles the 
first and second optical paths. 

-17. The optical device according to any of claims 11 30 
through 16, wherein 

a material of the birefringent wedges is a single 
crystal of titanium dioxide. 

35 

18. The optical device according to any of claims 11 
through 16, wherein 

a material of the birefringent wedges is calcrte. 

40 

19. The optical device according to claim 2, wherein 

the rotation angles of the two 45-degree Fara- 
day rotators have the same sign. 

45 

20. The optical device according to claim 2, wherein 

the rotation angles of the two 45-degree Fara- 
day rotators have opposite signs. 

50 

21 . The optical device according to claim 1 , wherein 

the two polarizing prisms (106-1, 106-2), each 
of which is formed by pasting glass prisms, 
polarize and split light by using a multilayer 55 
optical interference film between the glass 
prisms. 



22. The optical device according to claim 1 , wherein 

each of the two polarizing prism (106-1 , 106-2), 
which is made of a birefringent material, splits 
an optical path into optical paths of ordinary 
and extra rdinary beams of light by making 
light proceed in a direction of approximately 45 
degrees from an orientation of an optic axis of 
the light. 

23. The optical device according to claim 1 , wherein . 

said deflecting means (108-1, 108-2) com- 
prises two birefringent wedges which are 
respectively arranged in the first and second 
optical paths, the respective two birefringent 
wedges spaced evenly from a point of the 
polarizing prisms into which light input, which 
enters the optical device, or a point of the polar- 
izing prisms from which light output, which is 
output from the optical device, along the first 
and second optical paths. 

24. An optical device, comprising: 

a reflecting plane (706) for reflecting light; 
a polarizing prism (703) for splitting incident 
light into two linearly-polarized beams whose 
polarization planes are orthogonal, outputting 
the two linearly-polarized beams respectively 
to first and second optical paths which are par- 
allel to each other, combining and outputting 
the two linearly-polarized beams that are split 
and input, as output light; 
a polarization converter (405) arranged 
between the polarizing prism and the reflecting 
plane; and 

deflecting means (705), which is arranged 
between the polarization converter and the 
reflecting plane, for providing a linearly-polar- 
ized beam in the first optical path and a line- 
arly-polarized beam in the second optical path 
with a first deflection angle, and providing a lin- 
early-polarized beam orthogonal to the line- 
arly-polarized beam in the first optical path and 
a linearly-polarized beam orthogonal to the lin- 
early-polarized beam in the second optical 
path with a second deflection angle, different 
from the first deflection angle. 

25. The optical device according to claim 24, wherein 

the reflecting plane (706) is incorporated into 
the deflecting means (705). 

26. The optical device according to claim 2, wherein: 

an electromagnet for simultaneously inverting 
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magnetization of the two 45-degree Faraday 
rotators, is included to have a capability of 
switching optical paths. 

27. An optical device, comprising: s 

two birefringent crystal (801) for splitting inci- 
dent light into two linearly-polarized beams 
whose polarization planes are orthogonal, out- 
putting the split beams along first and second w 
optical paths which are parallel to each other, 
and combining and outputting the two linearly- 
polarized beams that are split and input, as out- 
put light; 

two polarization converters (107-1, 107-2) is 
arranged between the two polarizing prisms; 
deflecting means (108-1, 108-2), which is 
arranged between the two polarization convert- 
ers, for providing a linearly-polarized beam in 
the first optical path and a linearly-polarized 20 
beam in the second optical path with a first 
deflection angle, and providing a linearly-polar- 
ized beam orthogonal to the linearly-polarized 
beam in the first optical path and a linearly- 
polarized beam orthogonal to the linearly- 25 
polarized beam in the second optical path with 
a second deflection angle different from the 
first deflection angle. 

28. The optical device according to claim 27, wherein 30 

said deflecting means (108-1, 108-2) com- 
prises two birefringent wedges respectively 
arranged in the first and second optical paths, 
the respective birefringent wedges spaced ss 
evenly from a point of the polarizing prisms into 
which light input, which enters optical device, or 
a point of the polarizing prisms from which light 
output, which is output from the optical device, 
along the first and second optical paths. 40 
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